a Aims/Background. The proportion of patients who experience anxiety prior to planned surgery, even a minimally invasive one, is estimated at 50-70%. Thoracic surgery, causes significant preoperative anxiety, especially in children. The aim of this study was to determine the effect of an important component of psychological preparation for a surgery as information support on levels of anxiety, pain and satisfaction with postoperative analgesia. Methods. The randomized double blind study including patients aged 9-18 years qualified for lateral thoracotomy or Ravitch procedure. The subjects were randomized to the control group (n=56) provided with a routine preoperative information by a nurse, and the experimental group (n=56) offered additional psychological consultation. Data were collected via the State-Trait Anxiety Inventory. Results. In the experimental group, the level of state anxiety at 48 h post-surgery was significantly lower than prior to the procedure, but only in subjects with preoperative trait anxiety <7/10 sten. In the control group, the level of postoperative anxiety was significantly higher than prior to the surgery; this effect was observed irrespectively of preoperative trait anxiety level. Lack of preoperative psychological consultation (β=-0.23), trait anxiety ≥7 sten (β=0.25), and higher level of preoperative state anxiety (β=0.65) were independent predictors of greater state anxiety at 48 h post-surgery. Patients from the experimental group did not differ significantly from the controls in terms of their median pain scores and satisfaction with postoperative analgesia. Greater state anxiety was associated with 22% lesser likelihood of complete satisfaction with the analgesia. 
INTRODUCTION
Thoracic surgery, as any other surgical procedure, constitutes a considerable mental load for a pediatric patient, and generates significant preoperative anxiety. The proportion of patients who experience anxiety prior to a planned surgery, even a minimally invasive one, is estimated at 50-70% (ref. 1, 2 ). The sources of anxiety include the stay in an unfamiliar hospital environment, the sense of lost control, fear of unknown or pain, among others.
High level of preoperative anxiety is postulated to contribute to its greater postoperative intensity [3] [4] [5] [6] , which may in turn be reflected by less effectiveness of pain control 4 , adverse changes in child's behavior after hospital discharge (e.g. sleep and eating disorders) (ref. 4, 7 ). Nevertheless, published evidence regarding the link between anxiety and postoperative pain is conflicting. While according to some authors, children and adolescents presenting with higher levels of preoperative anxiety may experience stronger pain after the procedure 4, 8 , others have found no such relationship 9, 10 . Current guidelines on the management of postoperative pain are based on two key recommendations: individualized approach and use of multimodal analgesia 11, 12 ; integral component of the latter is preoperative education 13 . Educational interventions can range from single episodes of face-to-face instruction or provision of written information to more intensive multicomponent preoperative interventions including a computer-based intervention, a photo file, an operating area tour or teaching coping skills 10, [14] [15] [16] . Such forms of support can be offered by all individuals involved in the therapeutic process, in particular by nurses 17 and psychologists 18 . Information support should be considered both an important component of psychological preparation for a surgery, and an important source of support for child's personal resources. Unfortunately, routine information about the extent of perioperative care is not sufficient for adequate control of anxiety, as inter alia shown by Li and Chung 14 . Abundance of high-quality information support adjusted for individual needs contributes considerably to a decrease in the anxiety associated with planned surgery and to better cooperation between the patient and an interdisciplinary medical team.
The aim of this study was to analyze a relationship between information support provided by an interdisciplinary team and the levels of anxiety, pain and satisfaction with postoperative analgesia in children and adolescents subjected to thoracic surgeries.
METHODS

Trial design and participants
The double-blind randomized study, conducted at the Department of Thoracic Surgery in Rabka Zdroj, between March 2012 and December 2014, included consecutive pediatric patients qualified for surgical thoracic procedures.
Inclusion criteria of the study were: written informed consent from patient's legal guardians, age between 9 and 18 years, qualification for thoracic surgery (lateral thoracotomy or Ravitch procedure), and the American Society of Anesthesiologists (ASA) score 1 or 2.
Presence of a mental disorder, anticancer treatment, preoperative pain, problems with verbal communication and lack of postoperative drainage of the chest were considered exclusion criteria of the study.
No important changes were made to the methods after trial began.
Randomization
The day before surgery subjects were consecutively enrolled and randomized to experimental or control group. The randomized sequence was determined at the beginning of the study and generated by a random number generator (simple randomization). The study was doubleblind: neither the patients and their legal guardians nor nurses from the intensive postoperative care unit were aware of the randomization outcome and the aim of this study.
Patients in the control group and their legal guardians obtained routine information about preoperative, intraoperative and postoperative care, including information about pain scoring system and instruction how to use it, rules of planned analgesia, monitoring of vital parameters and training in respiratory gymnastics. All this information was provided by an appropriately trained anesthesiology nurse (who assigned participants to interventions). Before obtaining the information, each patient completed an anxiety severity survey.
Patients in the experimental group received additional information support from a psychologist. Session with the psychologist lasted approximately 45 min. The protocol of the session included initial assessment of patient's psychological status, obtaining information about his/her previous pain experiences, his/her personal attitude to pain and disease as the cause of surgery, familiarizing the patient with the relationships between psychological factors and pain (suggestion to focus on positive consequences of the surgery), discussion on available and tailored pain coping strategies including those used previously by the patient, emphasizing important role of active involvement in therapeutic process (e.g. reliable pain assessment, treatment compliance). The aim of all these activities was to convince patients that postoperative pain can be controlled, resulting in improvement of overall functioning.
Intraoperative and postoperative pain control
For the thoracic surgical procedure, patients received general anesthesia, alone or combined with thoracic epidural anesthesia. All patients were premedicated with midazolam (0.2-0.5 mg/kg), and then, fentanyl (1-5 μg/ kg), propofol (3-5 mg/kg), pancuronium (0.1 mg/kg) or rocuronium (1 mg/kg in children < 10 years old) and sevoflurane were used to introduce and maintain the anesthesia. Thoracic epidural catheters were placed following induction of anesthesia and endotracheal intubation.
In children operated on under general anesthesia, intraoperative analgesia was achieved with fentanyl injections (1-5 μg/kg) repeated every 20-30 min. In children subjected to combined general and epidural anesthesia, intraoperative analgesia was induced by a single dose (max. 2 mg/kg) of 0.5% bupivacaine, followed by an infusion of 0.125-0.25% bupivacaine with fentanyl (5 µg/mL) 90 min later.
Patients in both groups were extubated at the conclusion of the procedure and transferred to the intensive postoperative care unit. Postoperative analgesia was achieved with a continuous intravenous infusion of morphine (20-50 µg/kg/h) or continuous epidural infusion of 0.125-0.25% bupivacaine with fentanyl (5 µg/mL). Irrespective of the type of postoperative analgesia, non-opioid painkillers, such as paracetamol (15 mg/kg intravenously), metamizole (20 mg/kg intravenously), non-steroidal antiinflammatory drugs (NSAIDs): ketoprofen (1 mg/kg intravenously) and ibuprofen (10 mg/kg orally or rectally) were given for interim control of pain.
Outcome measures
Analyzed variables included level of anxiety (primary outcome), severity of pain, and satisfaction with postoperative analgesia (secondary outcomes).
Anxiety was determined using a Polish version of the self-inventory, either for children between 9 and 14 years of age, i.e. State-Trait Anxiety Inventory for Children (STAI-C; range: 20-60 pts) (ref. 19 ) or for adolescents, i.e. State-Trait Anxiety Inventory (STAI; range: 20-80 pts) (ref. 20 ). The instrument consisted of two separate 20-item scales measuring state and trait anxiety. In this study, the levels of anxiety were determined twice: one day prior to surgery (both trait and state anxiety) and 48 h after the procedure (only state anxiety). The results were expressed as sten scores, from 1-10; sten score of 5 and 6 was interpreted as a moderate level of anxiety; sten score of 7 and more was interpreted as a high level of anxiety.
The severity of pain was assessed 1, 2, 4, 11, 24 and 48 h after the end of anesthesia. Pain severity was measured with the Numerical Rating Scale (NRS; range 0-10 points) at rest, during deep breathing and coughing 21, 22 . The therapeutic goal of pain control was to reduce the severity of pain during coughing to no more than 2 points. Average pain scores for each patient at rest, during deep breathing and coughing were calculated.
Satisfaction with postoperative analgesia (after 48 h of observation) was rated on a 4-item scale; analgesia was rated as insufficient, poor, good or very good.
Statistical analysis
The data were processed using Statistica 12 package (StatSoft ® , Poland). The results are shown as means (SD) or medians (interquartile range) as appropriate. Normal distribution of quantitative variables was determined by the Shapiro-Wilk W-test. The Student t, Chi squared, Mann Whitney, Wilcoxon probability tests were used to analyse the data. Power and direction of associations within pairs of quantitative variables were determined on the basis of Spearman's rank correlation coefficients (R). Effects of multiple explanatory variables on the level postoperative state anxiety were tested in a multiple regression model. Effects of the level of postoperative state anxiety on the satisfaction with postoperative analgesia (expressed as a dichotomous variable: very good and good) were tested in a logistic regression model (B, regression coefficient; CI, confidence interval; OR, odds ratio). Threshold of statistical significance for all tests was set at P=0.05.
Sample Size Estimation
The minimal sample size was estimated based on the results of the preliminary study using t -test for dependent samples. Power calculations were based on the assumption that the study would have 80% power (alpha = 0.05) to detect differences between preoperative and postoperative state anxiety scores in either the experimental (n=10) or control group (n=10). Taking into account mean values and standard deviations for preoperative and postoperative state anxiety levels and correlation between these two parameters, minimal sample size for the experimental and control group was estimated at 36 (6.05±1.86 vs. 5.35±1.95; R=0.71) and 55 patients (5.12±2.01 vs. 5.78±1.74; R=0.59), respectively.
Ethics
The study was carried out according to the ethical principles of the Helsinki Declaration. Participation in the study was voluntary and written informed consent to participate in the study was sought from legal guardians of all patients. The protocol of the study was approved by the Local Bioethics Committee at the National Institute of Tuberculosis and Lung Diseases in Warsaw (decision no. KB-64/2012). This study was registered in the ClinicalTrials.gov (Identifier: NCT03488459).
RESULTS
Participants
The analysis included data of 56 patients in the experimental group and 56 controls; 4 (3.4%) patients were excluded owing to a change in the protocol of postoperative analgesia, which was considered a potential confounder of the study findings (Fig. 1) . The study groups did not differ significantly in terms of age, sex, body weight, body height, ASA scores, duration of anesthesia, duration of surgery, levels of trait anxiety and preoperative state anxiety, type of surgical procedure and postoperative analgesia ( Table 1) . Moreover, no significant intergroup differences in mean cumulative doses of bupivacaine, fentanyl and morphine were found. There was no difference in the number of doses of non-opioid drugs used between groups ( Table 2) .
The majority of patients (n=84) were subjected to the Ravitch procedure due to deformation of anterior thoracic wall, namely funnel chest (n=62), pigeon chest (n=17) or combination thereof (n=5). A single drain was placed in a retrosternal space in the vast majority of these subjects (n=83, 98.8%). The remaining patients (n=28) were subjected to thoracotomy due to presence of mediastinal and pulmonary cysts (n=9), pleural empyema (n=4), emphysema (n=6), bronchial atelectasis (n=2), pulmonary tumors (n=1) and other conditions (n=6). In these subjects, one (n=19, 67.9%) or two drains (n=9, 32.1%) were placed in pleural cavity. Aside from the primary condition, 5 (4.5%) children presented with concomitant bronchial asthma (n=2), epilepsy (n=2) and Marfan syndrome (n=1).
Anxiety
Multiple linear regression analysis demonstrated that lack of preoperative psychological consultation, trait anxiety ≥7 sten and higher level of preoperative state anxiety were independent predictors of greater state anxiety at 48 h post-surgery (Table 3) .
The moderate level of preoperative state anxiety was diagnosed in 57/112 (50.9%) and the high level of preoperative state anxiety were diagnosed in 36/112 (32.1%) patients.
Whereas in patients in the experimental group the level of state anxiety at 48 h post-surgery was significantly lower than prior to the procedure (Z=3.357, P<0.001), the level of postoperative anxiety in the controls increased significantly compared to its preoperative level (Z=2.146, P=0.031) (Fig. 2) .
In patients in the control group with preoperative trait anxiety ≥7 sten, the level of postoperative state anxiety was significantly higher than prior to the procedure. In contrast, the level of postoperative state anxiety in pa- tients in the experimental group with preoperative trait anxiety ≥7 sten remained at a similar level than preoperatively (Table 4) . Analysis of correlation involving the results for all the study subjects, irrespective of the group, demonstrated statistically significant associations between preoperative and postoperative state anxiety (R=0.6, t=8.26, P<0.001), preoperative state anxiety and trait anxiety (R=0.4, t=4.92, P<0.001), postoperative state anxiety and trait anxiety (R=0.5, t=6.96, P<0.001), perioperative state anxiety (i.e. pre-and postoperative state anxiety) and patient age (R=-0.4, P<0.001).
Postoperative Pain
Patients in the experimental group did not differ significantly (P>0.05) from the controls in terms of their median pain scores at rest (1 vs. 1), during deep breathing (2 vs. 2) and coughing (2 vs. 2).
Satisfaction with postoperative analgesia
Patients in the experimental group did not differ significantly from the controls in terms of their satisfaction with postoperative analgesia (χ2=0.03, P=0.850) . In pa- Results presented as medians and interquartile ranges tients opinion, the quality of postoperative analgesia was either very good (n=55, 49.1%) or good (n=57, 50.9%). Logistic regression analysis demonstrated that high level postoperative state anxiety was significant predictor of less satisfaction with postoperative analgesia (B: -0.24, P=0.028). Greater state anxiety was associated with 22% less likelihood of complete satisfaction with the analgesia (OR: 0.78, 95% CI: 0.63 to 0.97).
DISCUSSION
This study showed that in children whose preparation for surgery included psychological consultation, the level of postoperative state anxiety was significantly lower than preoperative level of this variable. Probably, extended information about pain coping strategies, adjusted for children's perception, strengthened their feeling of safety, and thus, contributed to less anxiety. In contrast, routine preoperative information provided by a nurse was presumably not adjusted for individual patients' demand, personal resources and current psychoemotional status, and therefore did not adequately alleviate their anxiety. Similar findings were previously reported by Brewer et al. 23 These authors demonstrated that while the level of anxiety in children who were offered a standard preoperative consultation from a nurse increased post-surgery, the level of postoperative anxiety in patients who were additionally supported by a child life specialist was lower than at the baseline.
Our study demonstrated that patients with high levels of trait anxiety (≥7 sten) did not benefit from preoperative support despite the involvement of a psychologist. The level of postoperative state anxiety in children in the control group was higher than prior to the procedure. Consequently, it cannot be excluded that even the maintenance of postoperative state anxiety at its preop erative level (the experimental group) should be considered a therapeutic success.
During psychological preparation for surgery, a correlation between perioperative state anxiety and patient age, also found in our study, should be considered as well. Previous studies demonstrated that younger children have higher levels of perioperative anxiety than older ones 24 , which can be explained by their less developed cognitive skills, greater dependence on others, lack of self-control, limited life experience and undeveloped understanding of health-and disease-related issues. These findings suggest that optimization of information support offered to patients from various age groups may constitute an invaluable asset improving their postoperative comfort and alleviating potential side effects of treatment.
Children and adolescents with higher levels of perioperative state anxiety may experience greater pain after the procedure; such conclusion was inter alia formulated by Chieng et al. 5 on the basis of a systematic review of quantitative studies. This observation was also confirmed by Fortier et al. 4 who found a positive correlation between the level of perioperative state anxiety and the severity of pain within initial 24 h after surgery on the larynx in children. Also in the study conducted by Lamontagne et al. 25 , the severity of pain at 2 and 4 days post-surgery correlated positively with the level of postoperative anxiety in adolescent patients operated on for scoliosis. However, these findings were not confirmed by all authors 10, 15, 26 . In this study too, there was no significant association between the level of perioperative state anxiety and the severity of postoperative pain.
Our presented findings are in opposition to the theory that children with higher levels of anxiety require more painkillers during postoperative period. Also the results of previous studies dealing with the problem in question are inconclusive. While Kain et al. 27 found no significant anxiety-related differences in painkiller (codeine, acetaminophen) use during hospital stay, they demonstrated such differences after discharge. In turn, Logan and Rose 28 found an inverse correlation between preoperative state anxiety and patient-controlled analgesia demand, but found no significant anxiety-related difference in total amount of medication received. In our patients there were no significant differences in cumulative doses of either intravenous and epidural analgesics.
As mentioned, we found no link between the level of perioperative state anxiety, severity of postoperative pain and demand for analgesic agents. However, it should be emphasized that all children and adolescents participating in this study had been subjected to one of the most painful surgical procedures, i.e. thoracotomy with placement of intrathoracic drains. All received effective pain therapy with intravenous morphine or a mixture of epidural fentanyl and bupivacaine. Administered at a high dose, morphine and fentanyl exert sedative effects.
We found an association between the severity of postoperative anxiety and patient satisfaction with postoperative analgesia. In turn, presence of postoperative anxiety turned out to be a significant predictor of less satisfaction with analgesia. However, Rhodes et al. 29 showed that patients who were given preoperative education -the intervention group -reported higher anxiety levels during the postoperative interval and higher satisfaction at discharge than patients from the control group. Royse et al. 30 observed that only the nociceptive domain (pain or nausea) influenced satisfaction. Patient satisfaction with anesthesia care is usually reported as very high in different patient populations 29, 30 . Study limitations: morphine and fentanyl exert sedative effects.
Relevance to clinical practice
These results advocate training for nurses to provide individually tailored information support to patients before thoracic surgery. Patients with elevated levels of trait anxiety should be identified prior to surgery and offered a dedicated educational program to prepare them for the surgical procedure adequately to their emotional status.
CONCLUSION
Information support from a psychologist offered prior to a thoracic surgery decrease the level of postoperative state anxiety solely in children with lower levels of trait anxiety. The severity of postoperative pain is not modulated by the level of perioperative anxiety. Higher level of postoperative state anxiety negatively affect patients' satisfaction with post-surgical analgesia.
